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(54) REFORMER, REFORMING SYSTEM, AND FUEL CELL SYSTEM 
(57)Abstract: 

PURPOSE: To miniaturize a reformer, by forming reforming catalysts 
on the grooves of one side plate and combustion catalysts on the 
grooves of the other side plate respectively, and supplying heat 
required for reforming reaction with these plates alternately laminated 
to be adopted as a fluid passage. 

CONSTITUTION: Reforming catalysts 6 are formed on the surfaces of 
grooves formed in a plate 1 , and combustion catalysts 5 are formed on : 
the surfaces of the grooves of a plate 2. The plates 1 and 2 are 
alternately laminated to supply fuel, composed of a mixture of a 
compound, including a hydrocarbon group, and water, to a fluid 
passage 3, formed by a surface having the grooves of the plate 1 and 
a surface having no groove of the plate 2; and hydrogen is generated 
by catalysts 6. Fuel and oxygen-containing fluid are supplied to a fluid 
passage 4 to cause catalyst combustion reaction by the catalyst 5. 

That is, exothermic reaction and endothermic reaction are concurrently caused at positions adjoined 
vertically to supply heat, required for reforming reaction, by combustion reaction. Consequently, reforming 
reaction is made without a burner, and moreover an auxiliary facility such as a reaction tank, heat insulati 
material, and a reaction pipe is eliminated for miniaturization. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation* 

1 . This document has been translated by computer, so the translation may not reflect the 
original precisely. 

2 **** ^ows the word which can not be translated. 

3. In the drawings, any words are not translated. 


DETAILED DESCRIPTION OF THE INVENTION 


Industrial Application 
[0001] 

This invention relates to the fuel cell system of structure suitable for especially a miniaturization, 
a reforming machine, and a reforming system about the reforming machine and reforming 
system which change into hydrogen the fuel which consists of a compound which has a 
hydrocarbon group, in order to supply hydrogen to a fuel cell system and a fuel cell. 

Description of the Prior Art 
[0002] 

In recent years, OA equipment and home electrification devices including a word processor and 
a personal computer are miniaturized with development of semiconductor technology, and 
portable-ization is demanded further. In order to satisfy such [ conventionally ] a demand, an 
easy primary cell and an easy rechargeable battery are used as a power supply of these devices. 
However, a primary cell and a rechargeable battery have a limit in a function top time, and, 
naturally a time is limited by the device using such a cell When these cells are used, after 
discharge of a cell finishes, a time is [ as opposed to / with the conventional primary cell of what 
can exchange cells and can move a device / the weight ] short, and it is unsuitable for a portable 
device. Moreover, in a rechargeable battery, if discharge finishes, while it can charge, it needs an 
external power for charge, and a service space is not only limited, but the charging time is 
needed and there is a defect that operation of a device is interrupted. In order to make it cany out 
long duration actuation of the various small devices that it will learn by experience, 
correspondence is difficult and a conventional primary cell and a conventional rechargeable 


battery require the power supply which was more fit for actuation of long duration. 


[0003] 

Using a fuel cell system instead of the conventional primary cell or a rechargeable battery as one 
solution of the above-mentioned trouble is mentioned. The fuel cell system is put in practical use 
as a power generating plant of a current large mold. It has the advantage that it can generate 
electricity continuously, by generating electricity by supplying a fuel and an oxidizer to the main 
part of a fuel cell in a fuel cell system, using air as an oxidizer, and supplying only a ftiel from 
the outside further. Therefore, if the miniaturization of a fuel cell system can be performed, it is 
very effective in actuation of various small devices. 


[0004] 

Now, in the above-mentioned fuel cell system, according to the reforming device which prepared 
the fuel which usually consists of the compound and water containing a hydrocarbon group apart 
from the main part of a fuel cell, it reforms to hydrogen gas and the delivery generation of 
electrical energy is carried out for the hydrogen gas to the main part of a fuel cell In order to 
consider as the generation-of-electrical-energy system for carrying in a device, it miniaturizes, 
and not only the main part of a fuel cell but a reforming device needs to reach, and it is necessary 
for it to be necessary to miniaturize a fuel cell system like ****, and to make it efficient. 

[0005] 

Drawing 19 is the schematic diagram of the conventional reforming device including a 
peripheral device. The heat insulator 102 is formed in the tank wall of the reforming tub main 
part 101. The coil currently installed in the reforming tub main part 101 consists of an outer tube 
103 and an inner tube 104, and the interior of a coil is filled up with the reforming catalyst 105 
which performs the reforming reaction of a fuel. The nickel which the ceramics was made to 
support is used as a material of a reforming catalyst. The burner 106 is installed in order to heat 
to the temperature which maintains reforming activity with a sufficient reforming catalyst. The 
mixture of the hydrocarbon which is a fuel, and water is supplied to a heat exchanger 107 with a 
pump 109 from a fuel tank 108. The fuel which consists of the compound and water which 
contain a hydrocarbon group using the heat which the combustion exhaust gas of a burner 106 
has is made to heat and evaporate in a heat exchanger 107. After the evaporated fuel is sent to the 
coil in the reforming tub main part 101 and reforming is carried out to hydrogen with a coil, it is 
supplied to the main part of a fuel cell. When the reaction which, on the other hand, reforms the 
mixture of the compound and water containing a hydrocarbon group, and obtains hydrogen gas 
uses methane 

CH4+2H2 0->4H2+C02-39 kcal/mol (25 degrees C) (1) 
When a next door and a methanol are used 

CH3 OH+H2 0->3H2+C02-3 1 kcal/mol (25 degrees C) (2), 
All are endothermic reaction as illustrated in a next door, the above (1), and (2). In order to make 
the above-mentioned reaction occur efficiently, even when the methanol which reacts at low 
temperature comparatively 800 degrees C or more in the case of methane is usually used, it is 
necessary to heat a fuel in temperature of at least 150 degrees C or more. In order to perform this 
heating, in the conventional reforming device mentioned above, it is heating using the flame of a 


burner 106. However, if a fuel cell system is built into a device or it considers carrying, the 
danger of disaster, such as a flame and a burn, will arise in heating using the flame of a burner. 

[0006] 

Moreover, if effect and a safety aspect are taken into consideration to a peripheral device, it is 
necessary to prepare a heat insulator etc. so that the heat within the reaction- vessel main part 101 
may not leak outside. However, in having used the thick heat insulator, it is unsuitable for the 
miniaturization of a reforming device. 

[0007] 

Moreover, although tubes, such as a product made from stainless steel, are used for piping, such 
as a coil in the conventional reforming device, it is necessary to devise it not only to needing the 
volume of the tube itself, but providing the space for absorbing distortion by the thermal 
expansion to the length direction etc. Moreover, when using it, putting a grain-like catalyst in a 
coil, a tube diameter must be made thick to some extent, and this also serves as hindrance of a 
miniaturization. 

Problem(s) to be Solved by the Invention 
[0008] 

While needing equipment of a burner, a reaction vessel, a coil, etc. and needing volume in itself 
by the conventional reforming device for supply of the heat which participates in a reforming 
reaction when the miniaturization of a reforming device is taken into consideration as stated 
above, the miniaturization is difficult also from the point of a safety aspect. 

[0009] 

This invention aims at obtaining the fuel cell system using the reforming device and it which 
were made to cause the reforming reaction of a fuel efficiently, and were suitable for the 
miniaturization by having been made in order to solve the above-mentioned technical problem, 
and supplying heat required for a reforming reaction to a reforming catalyst, without using 
incidental facilities, such as a burner which was mentioned above, a reaction vessel, and a coil. 

Means for Solving the Problem and its Function 
[0010] 

This invention is a reforming machine which carries out the laminating of two or more plates 
which have a slot, forms a fluid channel and is characterized by the thing [that a reforming 
catalyst is formed for the surface of a slot on a plate, and a combustion catalyst is formed / while 
adjoining / for the surface of a slot of a plate of another side]. 


[0011] 


Hereafter, basic structure of a reforming machine of this invention is shown using drawing 1 and 
drawing 2 . In a reforming machine of this invention, the fluid passage 4 is formed according to a 
field which forms the fluid passage 3 according to a field which has a slot of a plate 1, and a field 
which does not have a slot of a plate 2, and has a slot of a plate 2, and a field which does not 
have a slot of a plate 1 by carrying out the at least two or more sheet laminating of the plate 
(plate 1 and plate 2 in drawing 1 ) which has a slot. 

[0012] 

A fragmentary sectional view of a reforming machine of the invention in this application is 
shown in drawing 2 . The plate 1 shown in drawing 2 and a plate 2 are equivalent to a plate 1 and 
a plate 2 which are respectively shown in drawing 1 . As for the surface of a slot formed in one 
plate 1 in an adjoining plate, a reforming catalyst 6 is formed. Moreover, the combustion catalyst 
5 is formed in the surface of a slot formed in the plate 2 contiguous to a plate 1. The laminating 
of the plate 1 in which each reforming catalyst 6 was formed, and the plate 2 in which the 
combustion catalyst 5 was formed is carried out by turns. 

[0013] 

A fuel which consists of a compound including hydrocarbon mind and mixture of water is 
supplied to the fluid passage 3 formed of a field which has a slot of the plate 1 which formed the 
reforming catalyst 6 shown in drawing 2 in a reforming machine of the above configurations, and 
a field which does not have a slot of a plate 2, and it is made to generate hydrogen by the 
reforming reaction. Moreover, a fuel and an oxygen content gas are supplied to the fluid passage 
4 formed of a field which has a slot of the plate 2 in which the combustion catalyst 5 was 
formed, and a field which does not have a slot of a plate 1, and a catalyzed combustion reaction 
is made to cause by the combustion catalyst 5 in the surface of a slot of a plate 2. In addition, air 
may substitute said oxygen content gas. 

[0014] 

A catalyzed combustion reaction which occurs in the fluid passage 4 here needs to be exothermic 
reaction. Heat produced by said catalyzed combustion reaction is conducted to a field which has 
a slot of a plate 1 through a plate 1, and is used for said reforming reaction produced in the 
reforming catalyst 6 of the surface of a slot of a plate 1. That is, by carrying out the laminating of 
the plate 2 which has a combustion catalyst, and the plate 1 which has a reforming catalyst, the 
invention in this application makes a catalyzed combustion reaction which is exothermic 
reaction, and a reforming reaction which is endothermic reaction occur in coincidence in an 
adjacent location, and supplies heat required for a reforming reaction by the catalyzed 
combustion reaction. 

[0015] 

A reforming reaction can be produced efficiently, without using a flame by burner, and by that 
cause, since the structure is the layered product of a plate, a burner is begun, incidental facilities, 
such as a reaction vessel, a heat insulator, and a coil, become unnecessary, and a small reforming 


machine can be offered. 


[0016] 

Moreover, as a method of carrying out a laminating to a layer which makes a reforming reaction 
occur, and a layer which makes catalytic reaction occur One field of a septum of one sheet other 
than a configuration of the invention in this application is coated with a reforming catalyst layer. 
Although a method of forming passage and carrying out the laminating of the element which 
coated a field of another side with a combustion catalyst bed alternately with the front reverse 
side, and a method of making a catalyst which is different in passage which forms passage of the 
shape of much honeycomb and adjoins by extruding and casting a material support can be 
considered When manufacture of a reforming machine in the above-mentioned structure is 
considered, a plate which formed a kind of catalyst in one side like the invention in this 
application is compared with a method of carrying out a laminating. An effective catalyst bed 
cannot be formed substantially difficultly [changing conditions at the time of forming each 
catalyst bed (burning temperature, firing time, firing environments, etc.) for every formation part 
of each catalyst] therefore. Since a kind of catalyst is formed to a plate of one sheet in a 
reforming machine of this invention and optimal formation conditions can manufacture for every 
catalyst, it is practical. 

[0017] 

Especially the quality of the material of a plate which, on the other hand, has a slot concerning 
this invention has desirable material with large thermal conductivity, although semiconductors, 
such as ceramics, a metal, and silicon, a macromolecule resin board, etc. are not restricted. 

[0018] 

Mechanically, a plate which has a slot processes a plate of the above-mentioned quality of the 
material into cutting, processes the purpose slot into convex, and a method of carrying out 
pressurization molding and manufacturing with metal mold, is mentioned. Moreover, it is also 
possible to form a slot by chemical processing etc. Moreover, using ultra- fine processing 
technology, such as etching technology and lithography technology, a photosensitive resist can 
be applied to a material-list side of a plate, it can expose and etch using a mask of the slot on 
target, and a slot can also be formed. A well-known catalyst can be used as a reforming catalyst 
and a combustion catalyst. 

[0019] 

Pt, Ni, Cu, Zn, Al, Pd, Au, etc. can be used for a reforming catalyst as a simple substance or an 
alloy. Moreover, ZnO, FeO, Cr, Cr 203, BeO, K2 O, and W03 etc. it can use. Moreover, Fe2 
03-G-2 03-K2 O and Cr2 03-aluminum 203 Fe2 03-Mo03 etc. plural catalysts are mentioned. 

[0020] 

Moreover, as a combustion catalyst, noble metals, such as Pt, Au, and Ag, etc. can be used as a 
simple substance or an alloy. Furthermore, suc h ^ c u , CuO, Cul2, Ag2 O, Zn, 


Hg, Pd and PdCl2, Co, OsO, Fe, FeO and Mo03, Cr, V, V2 03, Ti03, TeO, Se and SeO, P2 05, 
and PbO, Pb, Sn, SnO, Ba, BaO, Ca. Moreover, the V2 05-K2 S04-diatom earth, hob calite 
(Mn02, CuO, Co 203, AgO), and Ag2 O-aluminum 203 Cu2 0-SeO, V2 05-K2 S04-silica gel, 
and Fe2 03-Cr 203 etc. plural catalysts are also mentioned. 

[0021] 

Since a porosity object is formed in the surface of a slot formed in a plate, reaction area of make 
[it / distribute on a porosity object the shape of an island and in the shape of a grain, and / 
support] increases and utilization factor of these catalysts of a catalyst improves, they are 
desirable. 

[0022] 

In order to make a porosity object form in the surface of a slot on the plate, there are various 
methods. For example, when forming in the surface of a slot on the plate a porosity object which 
consists of an alumina, after coating the slot surface with metal aluminum, metal aluminum is 
heated in an oxygen ambient atmosphere, and it oxidizes, or an oxidizer can be made to be able 
to act, it can be made to be able to oxidize, and a porosity object which consists of an alumina 
can be formed. Moreover, the quality of the material of the plate itself may be oxidized. For 
example, — if it masks and the surface of a plate is oxidized, after forming a slot in a substrate 
which consists of silicon - the surface of a slot -- Si02 from - a becoming porosity object can 
be formed. 

[0023] 

Moreover, the quality of the material of a porosity object is the above-mentioned aluminum 203 
and Si02. To others, Si02-aluminum 203 further formed by other methods, a viscosity mineral, 
MgO and Ti02, alpha-aluminum 203, the diatom earth, silicone carbide, an alundum, etc. are 
mentioned. 

[0024] 

Moreover, said catalyst can be made to form in the surface of a slot on the plate by various 
methods. For example, a method of forming the above-mentioned catalyst in a plate which used 
a combustion catalyst or a reforming catalyst as a target, and formed a slot by sputtering may be 
used. A catalyst can be formed in the surface of a slot on the plate by forming a catalyst by 
sputtering at homogeneity. 

[0025] 

It is desirable to use what added oxygen or hydrogen the below -3 Vol % grade more than 
0.3Vol(s) % into inert gas, such as an argon, as a controlled atmosphere as conditions at the time 
of sputtering at this time. The activity of a catalyst can be raised as compared with a case where 
this uses a controlled atmosphere of only inert gas. 


[0026] 


Moreover, in order to make the surface of a slot of a plate in which a porosity object was formed 
support a catalyst, by sputtering, in a metal catalyst, a porous layer is irradiated or a method of 
drying and calcinating a catalyst metal salt water solution or colloid after impregnation to a 
porous layer is mentioned. Moreover, after coating a plate with a raw material component and a 
catalyst component of a porosity object as a mixed slurry, a method of carrying out desiccation 
baking may be used. 

[0027] 

Inclination distribution of the concentration of a catalyst particle may be carried out as it is 
shown in drawin g 3 , when making a porosity object formed in the surface of a slot on the plate 
support a catalyst. Drawing 3 is the fragmentary sectional view of a porous body which 
supported a catalyst. In drawin g 3 , the catalyst support 12 shows a porous body formed in the 
surface of a slot on the plate, and 11 shows a catalyst particle. As for concentration of a catalyst 
particle, it is desirable to form so that a path side of a fuel may serve as max. 

[0028] 

As for a porous body over which a catalyst was distributed so that it might have inclination 
concentration, an element which has a reforming catalyst in one field of a septum of not only a 
reforming machine but one board, and has a combustion catalyst for a field of another side can 
be used also for a reforming machine of a type which forms and carries out the laminating of the 
passage alternately with the front reverse side like the invention in this application like ****. 

[0029] 

Drawing 4 is the fragmentary sectional view showing a configuration of a reforming machine. 
As shown in drawing 4 , the catalyst support 12 is a porous body, and inclination distribution is 
carried out and one field is supported so that the combustion catalyst particle 13 may have 
concentration with surface high one. Moreover, inclination distribution is carried out and another 
field is formed so that the reforming catalyst particle 14 may have concentration with surface 
high one similarly. A laminating is carried out so that it may have the space which a catalyst side 
where catalyst support is of the same kind like **** faces each other as a configuration of a 
reforming machine, and serves as the fluid passage 15 and 16. It is desirable to form the 
thermally conductive segregant 17 which a fuel and a product which are supplied to each passage 
are not mixed, and does not bar conduction of heat in a boundary of a portion which has 
distribution of the combustion catalyst particle 13, and a portion with distribution of the 
reforming catalyst particle 14. Moreover, the passage 15 of a fuel and a product can be 
established in the surface or the interior of each catalyst support 12. ( Drawing 5 ) Moreover, the 
laminating of the support in which the path 16 of a fuel and a product is established in the 
interior with a concentration inclination of support, and a path of this path has inclination change 
can be carried out, and it can also be constituted. (Drawing 6 ) A following method is mentioned 
to a shaping method with a concentration inclination of a supported catalyst of catalyst support. 
Here, let A or B be a catalyst or support material. 


[0030] 


1) Infiltration process 

They are melting and the method of making permeate and burying about B of others [ opening / 
of a porous body A ]. If wetting with a porous body avoids using B with the low melting point 
from a porous body A, an opening will be permeated in capillarity. It is also possible to infiltrate 
combining a green compact of A and B to serve also as sinter bonding. Moreover, heat treatment 
is required. It becomes the support which changed change of an opening of A, or a mixing ratio 
of A and B, and was able to do a concentration inclination of A or B by use of a green compact. 

[0031] 

2) Powder rolling 

Powder A is used as a powder-compacting board directly continuously with a reduction roll, and 
it sinters succeedingly, considers as a porosity sintering board, and considers as a rolled plate of 
true density with hot rolling further. By either of this production process, Powder B is supplied 
and it becomes the support which was able to do a concentration inclination of A and B by 
changing an amount of Powder B and repeating the still more nearly same production process. 

[0032] 

# * =fc * * * * H< 

**** of A and B is sprayed with nitrogen gas, and if the amount of fuel spray of A and B is 
changed, repeat **** deposition is carried out and it removes by method of carrying out **** 
deposition and fabricating, rotating the round bar as a cooling collector, it will become the 
support which was able to do a concentration inclination of A and B. 

[0033] 

4) It becomes the support which made a layer of a green compact which changed a mixing ratio 
with other methods A and B, and was able to do a concentration inclination of A and B by the 
**** fabricating methods, such as between [, such as between a sinter forging process and heat, ] 
the **** fabricating method and pseudo-heat, etc. 

Like ****, a reaction occurs with activity most in a surface layer of a porous body with much 
osmosis of a fuel in a reforming vessel using a porous body over which a catalyst was distributed 
so that it might have inclination concentration, and in the interior of a porous body with little 
osmosis of a fuel, a reaction occurs and an imperfect reaction cannot occur easily. Therefore, for 
a supplied fuel, it is ****** to suppress to min generation of material which is used for a 
reaction at the maximum and serves as catalyst contamination or catalyst poison by generating of 
carbon and a carbon monoxide accompanying an imperfect reaction of a ftiel. Moreover, since a 
reaction occurs also inside a porous body, heat loss is suppressed in a reforming reaction and 
heat exchange in the catalyzed combustion section. Therefore, effectiveness of a reforming 
machine improves. 


[0034] 


Now, a plate in which a reforming catalyst as shown in drawing 1 mentioned above on the other 
hand was formed, and a plate in which a combustion catalyst was formed are set in a reforming 
vessel of a configuration of having carried out the laminating. In the fluid passage 3 formed of a 
field which has a slot of the plate 1 in which a reforming catalyst 6 was formed, and a field 
which does not have a slot of a plate 2. It is necessary to supply mixture of a hydrocarbon and 
water and to supply a fuel and mixture of oxygen to the fluid passage 4 formed of a field which 
has a slot of the plate 2 in which the combustion catalyst 5 was formed, and a field which does 
not have a slot of a plate 1. Moreover, since hydrogen, a carbon dioxide, and a carbon monoxide 
which are a product arise in fluid passage 3 lower stream of a river and products, such as a 
carbon dioxide and water, arise in the fluid passage 4, it is necessary to discharge these products 
separately. It is desirable to use an internal manifold for two or more sorts of different fluids 
between layers of such a layered product, supply and in case it discharges. Thereby, a supply 
pipe of a fluid and an exhaust pipe are simplified. Drawing 7 is the perspective diagram showing 
some reforming machines of this invention. In drawing 7 , a plate 20 has a slot which forms the 
fluid passage 21, and a combustion catalyst (not shown) is formed on the surface of a slot. 
Moreover, it has a slot in which a plate 22 forms the fluid passage 23 similarly, and a reforming 
catalyst (not shown) is formed on the surface of a slot, and it is a plate. The laminating of 20 and 
the plate 22 is carried out by turns, a downward plate 20 and a downward plate 22 - following 
and each plate 20a and 20b-- it considers as plate 22a and 22b--. A fluid (hydrogen gas in this 
case) which flows out of the fluid passage 21 in the direction of an arrow head 24 in a plate 20. 
In the plate 20 by which the laminating was carried out further caudad, and the hole 25 prepared 
in plate 20a of this configuration, a fluid from fluid passage in plate 20a is joined via the hole 26 
which left the hole 25 which connects with passage and is opened on a plate, and was prepared in 
the same location of the adjoining plate 23. In plate 25b, a fluid from a repeat and fluid passage 
on each plate is similarly discharged in unification at the bottom of a laminated-structure object 
below. 

[0035] 

On the other hand, supply of a fluid is explained taking the case of a plate 22. Supply of a fluid is 
carried out to a case of discharge, and reverse from the hole 27 connected and prepared in fluid 
passage for the upstream of the fluid passage 23 of a plate 22, and is further sent to them up 
through the hole 28 prepared in the adjoining plate 22. 

[0036] 

Thus, piping is simplified that what is necessary is just to connect a charging line and-one 
discharge piping to networks of a reforming reaction and a combustion reaction at a time, 
respectively by equipping homotopic of both ends of each plate with a hole connected with fluid 
passage, and a hole which has not been connected. 

[0037] 

Moreover, when an internal manifold is used like the invention in this application, the fluid 
passage 21 and 23 can consider as parallel or a rectangular cross with the location which a hole 
25 and a hole 26, a hole 27, and a hole 28 prepare. By adjusting a hole prepared in a plate so that 
especially fluid passage 21 and 23 may be made into a parallel flow and the supply direction of a 


fuel and a reforming fuel of catalyzed combustion may be poured in this direction, and each 
direction of fuel supply, distribution of temperature on a plate equalizes and a reforming reaction 
progresses still more efficiently. 

[0038] 

Or [supplying a fuel intermittently, if the whole reforming machine goes up in a reforming 
machine which carried out the laminating of the layer (reforming layer) which starts ** from an 
endothermic by a layer (catalyzed-combustion layer) and a reforming reaction which causes 
exothermic reaction by catalyzed combustion like the invention in this application to the purpose 
temperature to which a reforming reaction is sufficient for happening efficiently in a reforming 
layer] — or it is desirable to adjust and to keep temperature constant. There is no futility of a fuel 
supplied to a catalyzed combustion layer by that cause, and risk of depending for going up too 
much of temperature can also be prevented. It controls by a certain method using a bulb 
controller for adjusting a bulb and the amount of fuel supply which were prepared in a pipe 
which connects a fuel tank and a reforming machine as a method of sending a fuel to a catalyzed 
combustion layer or a reforming reaction layer of a reforming machine from a fuel tank, and 
there is a method of supplying a fuel of an initial complement. A miniaturization will become 
possible if a micro-pump especially by ultra-fine processing technology is used. 

[00391 

Moreover, it is also possible to make a fuel tank into a homogeneity pressurization condition, to 
form some pipes which connect a fuel tank and a reforming machine with a shape memory alloy, 
to make this pipe made from an alloy transform by temperature change, and to adjust the amount 
of supply of a fuel. It explains concretely below. 

[0040] 

A conceptual diagram showing an example of a reforming system using piping which becomes 
drawin g 8 from a shape memory alloy is shown. A part of piping (inside 43 and 44 of drawing) 
which performs fuel supply from a fuel tank 41 to the reforming machine 42 of this invention is 
formed with a shape memory alloy. In drawing, 43 is shape memory alloy piping for reforming 
fuel supply, and 44 is shape memory alloy piping for catalyzed combustion fuel supply. The 
laminating of a catalyzed combustion layer and the reforming layer is carried out, and fuel 
supply to each class can perform [an internal manifold] the reforming machine 42 now from one 
place respectively. On both sides of the shape memory alloy piping 43 and 44, the laminating of 
such two reforming machines is carried out. The shape memory alloy piping 43 and 44 is 
connected to a fuel-supply hole of the reforming machine 42. If the piping 44 for catalyzed 
combustion fuel supply has a low temperature, it will be opened, and if temperature becomes 
high, it will be closed. 

[0041] 

Moreover, if the piping 43 for reforming fuel supply has a low temperature, it will be closed, and 
if temperature becomes high, it will be opened. If closing motion of the shape memory alloy 
piping 43 and 44 specifically reaches a fixed temperature with piping, it will fold up and change 


of configurations, such as being crushed, will arise, and narrowing down and when configuration 
change of closing and its reverse takes place, piping will open piping. By carrying out a 
laminating to the reforming machine 42, the shape memory alloy piping 43 and 44 corresponds 
to change of temperature of the reforming machine 42, and adjusts an amount of a fuel which 
opens and closes piping and is supplied. 

[0042] 

Since temperature of the reforming machine 42 is low immediately after a start up, as for the 
piping 44 for catalyzed combustion fuel supply, a fuel is supplied to a catalyzed combustion 
layer in the aperture reforming machine 42. Catalyzed combustion arises in this layer, 
temperature of the reforming machine 42 rises, and a fuel is supplied for the piping 43 for 
reforming fuel supply to an aperture and a reforming layer of the reforming machine 42. 
Moreover, if a fuel is superfluously supplied to said catalyst bed and temperature of the 
reforming machine 42 rises too much, in piping 44, closing fuel supply will decrease. As 
mentioned above, piping 43 and 44 adjusts the amount of supply of a fuel according to change of 
temperature of the reforming machine 42, and it excludes futility of supply of a fuel while it 
reaches temperature of a reforming machine and keeps the amount of reforming constant. 

[0043] 

Moreover, when fuel-supply piping using a shape memory alloy is applied to a fuel cell system 
which combined a reforming machine and a fuel cell, it can also give a function to adjust the 
amount of fuel supply to a reforming machine, according to the amount of hydrogen supplied to 
a fuel cell. It explains concretely below. 

[0044] 

Drawing 9 shows a fuel cell system which applied fuel-supply piping which consists of a shape 
memory alloy. As for a fuel tank and 42, in drawing 9 , 41 is a reforming machine and 45 fuel 
cells. A part of piping which supplies a fuel to a reforming machine is the piping 46 which 
consists of a shape memory alloy from a fuel tank. A heater 47 is installed and the perimeter of 
piping 46 can heat piping 46 now. Piping 46 is in a condition which a pipe opened, if a heater 47 
does not operate, and if a heater 47 operates, it uses piping which will be in the condition that a 
pipe closed. Moreover, hydrogen produced with the reforming vessel 42 is supplied to a fuel cell 
by piping 48. A pressure sensor is installed in hydrogen feed holes of a fuel cell 45. A pressure 
sensor 49 is set up so that the heater 47 in the perimeter of piping 46 may be operated according 
to the hydrogen amount of supply of a fuel cell. In such a fuel cell system, since hydrogen 
pressure force of hydrogen feed holes is improved when hydrogen is superfluously supplied 
rather than capacity of a fuel cell from the reforming machine 42, a pressure sensor 49 operates 
and a heater 47 operates. In connection with it, supply of a fuel for a closing reforming machine 
is suspended for piping 46. Moreover, when supply of hydrogen decreases and hydrogen 
pressure of hydrogen feed holes falls, a rest is supplied for actuation of a heater 47 to an aperture 
and the reforming machine 42, and a fuel is supplied for piping 46. 


[0045] 


What is necessary is just to select suitably working pressure of a pressure heater, and a 
temperature setup of a heater 47 according to an operation condition of a fuel cell system in the 
above-mentioned fuel cell system. Moreover, a temperature sensor may be used instead of a 
pressure sensor. 

[0046] 

Thus, a thing for which a shape memory alloy is used for piping — bulb adjustment for fuel 
adjustment — an appliance — a small lightweight reforming system or a fuel cell system is 
obtained, without using material. Moreover, futility of a fuel can be excluded and it can be made 
to operate efficiently. 

[0047] 

On the other hand, since a reforming machine of structure of the invention in this application 
consists of layered products of a plate, the laminating of it can be carried out with a stack 
(electrolyte plate ****( e d) by a fuel electrode, an oxidizer pole, and two electrodes at least) of a 
fuel cell, and it can offer a fuel cell system by which a reforming machine and a fuel cell were 
united. Thereby, a compact power plant can be obtained. 

[0048] 

A schematic diagram of a fuel cell system which becomes drawing 10 from a reforming machine 
of the invention in this application and a layered product of a fuel cell stack is shown. In drawing 
10 , 30 is the reforming machine of the invention in this application which carried out the 
laminating of the plate which formed a combustion catalyst or a reforming catalyst in a plate. 
Moreover, as for an electrolyte plate and 32, 31 is a fuel electrode and 33 oxidizer poles. The 
passage 34 and 35 of hydrogen gas and oxidizer gas is established in a fuel electrode 32 and the 
oxidizer pole 33, respectively. 

[0049] 

A fuel which consists of a compound which has hydrocarbon groups, such as a methanol, and 
mixture of a steam is supplied to passage which has a reforming catalyst of the reforming 
machine 30. Hydrogen gas of a product is supplied to the fuel electrode 32 of a fuel cell through 
passage of another network. Moreover, piping will be simplified, if it constitutes so that an 
oxidation acid gas passageway of a fuel electrode with which hydrogen which adjoins a fuel 
electrode, constitutes passage which has a reforming catalyst, and is produced in this passage 
adjoined directly may be supplied. In this case, when the hydrogen gas permselective membrane 
37 is formed between a fuel electrode and a plate in which a reforming catalyst was formed, only 
pure hydrogen is supplied to a fuel electrode and is desirable. Moreover, air is adopted in passage 
which has a combustion catalyst of the reforming machine 30 from the exterior as air for a fuel 
and combustion, or waste gas from the air pole 33 of a fuel cell or they are mixed and supplied to 
it. As a fuel for combustion supplied to this passage, waste gas (unreacted hydrogen) from [from 
the outside] hydrocarbons or a fiael electrode is supplied. 


[0050] 


A reforming machine of the invention in this application is used for endothermic reaction in a 
plate with which exothermic reaction arose and the heat formed a reforming catalyst in a plate in 
which a combustion catalyst was formed. Moreover, in a fuel cell, although heat occurs at the 
time of a generation of electrical energy, also in order to heat to operating temperature at the time 
of starting or to heat to a proper temperature at the time of a generation of electrical energy, it 
can use. 

[0051] 

It not only can attain miniaturization, but by carrying out the laminating of a fuel cell and the 
reforming machine of the invention in this application, it can become easy to use mutually heat 
generated in each, and it can raise a utilization factor of heat. 

[0052] 

In drawing 10 , although a stack of a fuel cell indicated one example, the laminating of further 
two or more fuel cells and reforming machines may be carried out by turns. The laminating of 
the reforming machine may be carried out to what carried out the laminating of two or more fuel 
cell stacks to a serial 

[0053] 

Moreover, a stack of a fuel cell is electrically connected to a serial through a plate with which the 
laminating of the reforming machine was carried out by forming a plate which forms a reforming 
machine with a material which has electric conductivity, and carrying out a laminating to a fuel 
cell stack. Therefore, wiring between stacks of a fuel cell by which the laminating was carried 
out through a reforming machine becomes unnecessary, and it becomes possible to take out 
system-wide power to both ends of the whole laminated structure. 

[0054] 

What is necessary is just a fuel cell using not a thing that limits a class of fuel cell which carries 
out a laminating in this invention but a fuel which reformed a hydrocarbon. For example, a fuel 
cell which used a solid-state polyelectrolyte film (for example, product made from trade name 
Nafion Du Pont) and a hydrogen ion conductor (for example, sintered compact of hydronium, 
ammonium peta-alumina or beta Gaul, and 3 cerium-oxide strontium) for an electrolyte, a fuel 
cell which used an oxygen ion conductor (for example, stabilization JIRUKONIUA) for an 
electrolyte are mentioned. 

[0055] 

Moreover, when a layered product of a reforming machine using a plate which consists of a 
material which has electric conductivity in drawing 1.0 . and a fuel cell is formed, Fluid passage 
which has a reforming catalyst of a reforming machine is made into the fluid passage 36. 
Between the fluid passage 36 and the hydrogen gas passageway 34 of a fuel-cell- fuel pole. 
When both sides are equipped with the hydrogen ion (proton) conduction film 37 which has 
catalytic activity and electrical conductivity, it is possible to make it move into a fluid of a fuel- 


cell-fuel pole, and to make hydrogen react on the fuel-cell- fuel pole alternatively out of a fluid 
by which reforming was carried out in a reforming catalyst layer. Although reforming of the 
compound containing a hydrocarbon group is carried out and hydrogen, a carbon monoxide, and 
a carbon dioxide generate in the fluid passage 36 which has a reforming catalyst, unreacted 
hydrocarbons and water also remain in a fluid. If both sides install the hydrogen ion (proton) 
conduction film 37 which has catalytic activity and electrical conductivity between this fluid and 
a fluid of a fuel-cell- fuel pole, the surface of a film which touches the passage 36 which has a 
reforming catalyst will be made into an anode plate, and the potential difference will be produced 
by using as cathode the surface of a film of a side which touches the passage 34 of a fuel-cell- 
fuel pole. At this time, the following reactions occur in a membranous anode plate and cathode. 

Anode H2 ->2H++2 eCO+H2 O ->C02+2H++2e 

Cathode 2H++2e ->H22H++2e -> H2 


[0056] 

A partial pressure of hydrogen in a fluid of passage of a reforming catalyst layer and a carbon 
monoxide falls, and advance of a reforming reaction is promoted by this reaction. Moreover, in 
the surface of a film of a side which touches the passage 36 of a fuel-cell- fuel pole, only 
hydrogen generates and high grade hydrogen is used on the fuel-cell- fuel pole for a generation of 
electrical energy. In order to consume a part of power produced from a fuel cell by which the 
laminating is carried out electrically [ the potential difference of membranous both sides ], and 
structurally and to make it generated, an electric power supply from the outside is unnecessary. 
Moreover, since a reforming machine has electric conductivity, an electric laminating with a fuel 
cell stack is possible, and electric wiring is unnecessary. According to this invention, since a 
reforming reaction and electrode reaction of a fuel cell are promoted, improvement in use 
effectiveness of a hydrocarbon and miniaturization of equipment can be attained. Furthermore, 
by connecting a capacitor and a rechargeable battery to juxtaposition electrically in this invention 
at each of a fuel cell stack, even when a generation of electrical energy with fuel cell electrodes, 
such as the time of starting of a system, is inadequate, an electric power supply to the exterior is 
possible. Moreover, a capacitor and a rechargeable battery also become a power source at the 
time of starting in a case of supplying hydrogen to a fuel-cell- fuel pole through a hydrogen ion 
conductive film from passage of a reforming machine, and starting of a system becomes easy. 

[0057] 

Example. An example explains the reforming machine of this invention below. 

Example 1 

[0058] 

Two or more plates made from nickel which applied the sensitization resist to the nickel board of 
0. 1 mm thickness, etched after exposure development in 0.3 mm pitch at intervals of 0. 1 5 mm, 
and formed the pitch 0.3 mm slot in a depth of 0.6 mm with width of face of 0. 1 8 mm were 


created. 


[0059] 

After masking the obtained plate, platinum was used as the target, the spatter was carried out for 
10 seconds in the argon ambient atmosphere containing pressure 10-3 Torr and 1% of oxygen, 
and the combustion catalyst of the shape of an island with an average thickness of 0.5 
micrometers was formed in the surface of the slot on the plate. Created ten plates (it considers as 
a plate 2 below) which formed the combustion catalyst by the same method. After masking the 
plate made from nickel etched by the method of the another side above, and the same method. 
The alloy of copper and zinc was used as the target, the spatter was carried out for 10 seconds in 
pressure 10-3 Torr and the argon ambient atmosphere of 1% of hydrogen, and the reforming 
catalyst of the shape of an island with an average thickness of 0.5 micrometers was formed in the 
surface of the slot on the plate. Ten plates (it considers as a plate 1 below.) which formed the 
reforming catalyst by the same method were created. As shown in drawing 1 , the laminating of 
the plate 1 and plate 2 which were obtained by the above-mentioned method was carried out by 
turns one by one, sheathing was twisted with glass wool and aluminium foil, and the reforming 
machine was obtained. 

[0060] 

Next, it operated about the reforming machine obtained as mentioned above. Since the 
temperature in the fluid passage 4 went up a methanol and air to it at about 200 degrees C when 
composite fuel was poured to the fluid passage 4 which has a combustion catalyst on the surface 
of a slot, the fuel which mixed a methanol and water to the fluid passage 3 1:1 was poured. As a 
result, a methanol and water evaporated and hydrogen was changed further. The conversion rate 
to the hydrogen of a methanol was 60% - 70%. 

Example 2 

[0061] 

The reforming machine was obtained by the same method as an example 1 except the gas 
ambient atmosphere at the time of sputtering at the time of forming a reforming catalyst and a 
combustion catalyst in the plate in which the slot was formed being an argon ambient 
atmosphere containing pressure 10-3 Torr and 1% of oxygen. 

[0062] 

It actually operated about the obtained reforming machine. When the composite fuel of a 
methanol and air was poured to the fluid passage 4 which has a combustion catalyst on the 
surface of a slot and the fuel of one 5 times the volume of this was poured to it as compared with 
the case of an example 1, the temperature of the fluid passage 4 went up to about 200 degrees C. 
Next, the fuel which mixed a methanol and water to the fluid passage 3 1:1 was poured. As a 
result, a methanol and water evaporated and it was further changed into hydrogen. The 
conversion rate to the hydrogen of a methanol was 15% - 25%. 


Example 3 


[0063] 

In this example, an example when the fuel supply and the product eject direction to the fluid 
passage which forms an internal manifold in a reforming machine and has a reforming catalyst, 
and the direction of the fuel supply and product discharge to the fluid passage which has a 
combustion catalyst intersect perpendicularly is shown. 

[0064] 

By oxidizing thermally a silicon wafer (100) (a field, 500-micrometer thickness) first, it is Si02 
to the surface. It is Si02 at the hydrofluoric acid after forming and imprinting a predetermined 
pattern using lithography technology. Selection removal was performed. Next, the slot 52 on the 
trapezoidal shape was formed like drawing 1 1 on the surface of the wafer by performing 
anisotropic etching using the aqueous solution of an ethylenediamine system. At this time, the 
depth of flute set to about 100 micrometers, and the pitch was set to about 1mm. The both ends 
of a slot have formed deep grooves 53 and 54 so that the fluid which passed through each slot 
may be mixed, one side considered as disconnection for connection with the passage from a 
lower part, and another side considered only the upper part as disconnection for connection with 
the upper part. Moreover, the slot 55 which opened this wafer wide to path connection of one 
fluid when carrying out a laminating by turns to the object for fuel gas and heating fluids was 
formed. It was presupposed after each etching production process termination that it is about the 
silicon substrate 51 whole configuration like drawing 1 1 by dicing. 

[0065] 

By the spatter etc., the combustion catalyst bed was formed in the path like the above at the 
silicon substrate 51 in which the fluid path was formed. Moreover, the silicon substrates 56-60 of 
a configuration as separately shown in drawing 12 by the same method as a silicon substrate 51 
were manufactured. The combustion catalyst was formed in silicon substrates 56 and 58, and the 
reforming catalyst was formed in the silicon substrate 57. Like drawing 12 , it pasted up by the 
direct pasting-up method and the laminating of each wafer was carried out so that the substrate 
57 for a reforming reaction and the substrate 56 for catalyzed combustion might intersect 
perpendicularly. By pasting up directly, the slot formed in the surface of a substrate 56 by 
adhesion with substrates 56 and 57 becomes one passage respectively by the base of a substrate 
57. 

[0066] 

By considering as the structure where the upper and lower sides of the substrate 57 for a 
reforming reaction serve as the substrates 56 and 58 for intermediation combustion, the 
reforming section of fuel gas can be heated to homogeneity. Moreover, the fuel gas entrance 62, 
the hydrogen content gas outlet 64 after reforming and the heating gas entrance 61, and the outlet 
63 were formed in the bottom and the topmost part of a laminated structure like drawing 14 for 
piping of each fluid. 


[0067] 


The cross section of the reforming machine concerning this invention was shown in drawing 13 . 
The substrate which carried out the laminating was fixed in the reformer like the above with the 
fixtures 65 and 66 produced by etching silicon. Fuel gas and the minute through tube for heating 
fluids are formed in the fixture, and it connected with piping with low melting glass etc. 

[0068] 

Moreover, the micropumps 72 and 73 produced with ultra-fine processing technology were 
installed in the path from a fuel-supply tank to a reformer. This micropump is produced by anode 
plate cementation in silicon and Pyrex glass. The passage of a fluid is formed by etching of 
silicon, and diaphram is formed in Pyrex glass by etching, and the piezo actuator is attached in 
the upper part of diaphram. By impressing voltage to this actuator, when diaphram fluctuates, 
specified quantity style ****** becomes possible about a fluid. 

Example 4 

The supported catalyst shows the example of the reforming machine using the porous body 
which has inclination concentration distribution again. 

[0069] 

Homogeneity is dropped on the tungsten (melting point of 3370 degrees C) board heated at 2500 
degrees C which puts 33g of aluminum-oxide (melting point of 2050 degrees C) fine particles 
into the hopper of 1mm of diameters of a opening, and they are made to carry out natural fall, 
and puts lOg (melting point of 1455 degrees C) of nickel metal powders into the hopper of 
0. 1mm of diameters of a opening, and is carrying out both-way operation at 50mm/s. A nickel 
support aluminum-oxide rolling object with a thickness of 2mm is fabricated decompressing the 
tungsten (melting point of 3370 degrees C) roll heated at 2500 degrees C at lOOg/s from 10kg of 
loads on both the sides of the point of fall of fine particles. Platinum (melting point of 1773 
degrees C) is similarly used instead of a nickel metal powder, and a platinum support aluminum- 
oxide rolling object is fabricated. These rolling object was removed from the tungsten board, 
after immersing and infiltrating to the side the field of the rolling object removed from the 
tungsten board into a copper (melting point of 1083 degrees C) molten metal, it took out, and 
thermocompression bonding of the field which wetted wet with copper so that the side of the 
both ends of a pair might be cut off, respectively and the clipping side might cross was piled up 
and carried out, and it was bound. 

[0070] 

Nickel support aluminum-oxide rolling dignity arranged this shaping board with nickel support 
aluminum-oxide rolling dignity, platinum support aluminum-oxide rolling dignity arranged the 
cut end with platinum support aluminum-oxide rolling dignity, the six-sheet laminating was 
carried out, and the reforming machine was assembled. 


[0071] 


A methanol steam and superfluous air are made to flow with two atmospheric pressures from the 
clipping side of a platinum support aluminum-oxide porosity rolling object with a gangway, and 
a methanol steam and the steam of equimolar are made to flow with two atmospheric pressures 
from the clipping side of the nickel support aluminum-oxide porosity rolling object which has a 
gangway on the other hand. And when a part of RIHOMA was raised to 150 degrees C or more 
and a methanol and oxygen were lit, change of hydrogen generating concentration was not seen 
for 100 hours or more. 

Example 5 

[0072] 

In this example, the fuel cell system at the time of applying piping which turns into piping which 
carries out fuel supply from a fuel tank to a reforming machine from a shape memory alloy is 
explained in the reforming machine of the invention in this application. 

[0073] 

It is the four hole open beam of 5mm of diameters as a filler neck 92, an exhaust hole 93, and a 
bleeder 94 beforehand to thin nickel with 0.2 mm [in thickness which carried out solder plating 
at the table rear face like drawing 14 ], and a magnitude of 100 x 300mm. Furthermore, the 
surface was etched and width of face of 10 mm and a depth of 0. 1 mm were created as pitch 
1mm, a length of 70 mm, width of face of 0.5 mm, depth a rill 89 of 0. 1 mm, the refueling slot 
90, and an exhaust air slot 91. The object for reforming, and the object for combustion — it 
created three each at a time. Thus, covering was attached to the irregularity of the rill section on 
the created surface of a substrate, and the portion except each slot, the oxidation catalyst was 
attached to combustion and the reforming catalyst was thinly attached to reforming by the 
spatter, respectively. The laminating of these was carried out by turns, and the laminating was 
pressed and carried out at 230 degrees C, and it considered as the reforming machine. The fuel 
cell system was created like drawing 15 using the reforming machine obtained by the above- 
mentioned method. 

[0074] 

As for a fuel tank 42, [41 is the above-mentioned reforming machine and 45] fuel cells. The 
shape memory alloy piping 46 is used for a part of piping which supplies a fuel to the reforming 
machine 42 from the fuel tank 41 where the pipe line enabled it to pressurize homogeneity. The 
heater 47 is wound around this shape memory alloy piping 46. In ordinary temperature, the 
shape memory alloy piping 46 is closed and is opened by heating a heater 47. The shape 
memory alloy piping 46 leads to the piping 80 divided into two forks. One side of piping 80 was 
led to the shape memory alloy piping 44 for combustion fuel supply, and it is connected with the 
fuel filler-neck section. In ordinary temperature, the shape memory alloy piping 44 for 
combustion fuel supply is opened, and if temperature turns into the purpose temperature, it will 
be closed. The air supply piping 81 is between the shape memory alloy piping 44 for 
combustion fuel supply, and the fuel filler neck 92. The shape memory alloy piping 43 for 
reforming fuel supply led to the district of piping 80, and it is connected with the fuel filler neck 


92 of reforming. In ordinary temperature, the shape memory alloy piping 43 for reforming fuel 
supply will be opened, if it has closed and temperature becomes high. The main part 45 of a fuel 
cell is made to supply the hydrogen gas which reforming was carried out and was produced in 
the reforming section. If a pressure sensor 48 is attached in a fuel cell and the pressure of 
reformed gas becomes more than the purpose pressure, a heater 47 will be turned off and the 
shape memory alloy piping 46 for fuel adjustment will close. If a pressure falls, a heater 47 will 
enter and the shape memory alloy piping 46 for fuel adjustment will open again. 

[0075] 

Two laminations of the reforming machine 42 with which the laminating of the relation of the 
reforming machine 42 and piping by which the laminating was carried out was carried out the 
center [ the shape memory alloy piping 44 for combustion fuel supply and the shape memory 
alloy piping 43 for reforming fuel supply ] are carried out, and the configuration of piping 18 and 
19 changes with the temperature changes of a reforming machine. Moreover, the outside carried 
out in this way rolls a heat insulator 82, and raises thermal efficiency. 

[0076] 

It attached in the equipment which created the fuel which blended methyl alcohol and water with 
1: 1 by the mole ratio. The electrical and electric equipment is supplied at the beginning of 
operation, a heater 47 is heated, the fuel-supply shape memory alloy piping 46 is opened, and a 
fuel is supplied. The object for heating, and the object for reforming — two forks — the shape 
memory alloy piping 44 for combustion fuel supply which it is divided for piping 80 and opened 
in ordinary temperature — a passage — the air supply piping 81 to air — supplying — a fuel — 
mixing — the combustion section — sending — having — a catalyst — catalyzed combustion — it 
generated heat by carrying out. 

[0077] 

The fuel was supplied for the shape memory alloy piping 43 for reforming fuel supply closed 
when the shape memory alloy was heated by the heat and temperature exceeded 120 degrees C to 
the aperture reforming section. When 140 degrees C was exceeded, the closing temperature rise 
stopped [the shape memory alloy piping 44 for combustion fuel supply]. The hydrogen reformed 
and generated is sent to the main part 45 of a fuel cell, and a generation of electrical energy is 
******. The pressure in the cell of hydrogen is 2. 1 kg/cm2 by the hydrogen by which reforming 
was carried out. When exceeded, the heater 47 was turned off and supply of a closing fuel was 
suspended for the fuel-supply shape memory alloy piping 46. A pressure is 1.8 kg/cm2. When it 
became below, the heater 47 was heated again and aperture supply of the shape memory alloy 
piping 15 fuel for fuel supply was carried out. the hydrogen pressure force in which reforming of 
the temperature was carried out to 140 degrees C from 120 degrees C ~ 2. 1 kg/cm2 from — 1.8 
kg/cm2 It was maintained and operation of a fuel cell was completed continuously. 


Example 6 

In this example, the fuel cell system which carried out the laminating of the reforming machine 
and fuel cell stack of this invention is explained. 

[0078] 

The plan of the plate which forms the reforming section of the hydrocarbon fuel in the fuel cell 
system of this example in drawing 16 is shown. The reforming section consists of circular plates 
120,121,122 shown in drawing 16 . Drawing 16 is drawing which looked at the plate from the 
upper part. The slot which becomes a plate 120,121,122 with the passage of an each fluid, and a 
hole - a-h is formed. A plate 120,121,122 consists of aluminum respectively and is 100 mm in 
the thickness of 2 mm, and diameter. The reforming catalyst is formed in the surface of the slot 
of plates 120 and 122, and the combustion catalyst is formed in the surface of the slot of a plate 

121. Formation of the catalyst to each plate was performed by the method shown below. 

[0079] 

After plates 120 and 122 carried out the dipping of the surface of a slot to the caustic-alkali-of- 
sodium aqueous solution after forming the slot and the hole, as shown in drawing 16 , and they 
carried out elution of a part of surface aluminum, they oxidize and dried [rinsed and] the surface 
aluminum layer with the hydrogen-peroxide-solution solution, and made the porous alumina 
layer form first. By sinking into the aqueous solution of a copper nitrate and zinc nitrate, 
desiccation and after calcinating, reduction processing of this porosity alumina layer was carried 
out in the hydrogen air current, and the reforming catalyst was made to support. Moreover, after 
a plate 121 forms a porous alumina layer like the above-mentioned plates 120 and 122, it sinks a 
palladium nitrate aqueous solution into the same porosity alumina layer, and shows the plan of 
the plate which constitutes the fuel electrode and oxidizer pole of the desiccation and fuel cell [in 
/ in drawing 17 / the fuel cell system of this example] section while it calcinated and the 
combustion catalyst was made to support. 

[0080] 

A plate 123 is an oxidizer pole and a plate 124 is a fuel electrode. A plate 123,124 - plates 120- 

122, the same size, and allotropy material — it is — like drawing 17 ~ a slot and a hole — a-h is 
formed. 

[0081] 

On the other hand, the hot press of what kneaded catalyst support carbon powder, 
polytetrafluoroethylene (PTFE: trade name; Teflon), and a Nafion solution to both sides of a 
perfluorocarbon sulfonic acid film (trade name; Nafion) with a thickness of 0.2 mm was carried 
out with the gilding nickel screen, and the hydrogen ion conduction film which stuck the porous 
carbon board by pressure on it was prepared further. A different catalyst was formed in 
membranous both sides, while another side was platinum using platinum/ruthenium. 


[0082] 


Moreover, the hot press of what kneaded platinum catalyst support carbon powder, 
polytetrafluoroethylene (PTFE: trade name; Teflon), and a Nation solution to both sides of a 
perfluorocarbon sulfonic acid film (trade name; Nafion) with a thickness of 0.2mm was carried 
out with the gilding nickel screen as an electrolyte plate of a fuel cell, and the electrolyte plate 
which stuck the porous carbon board by pressure on it was prepared further. 

[0083] 

The above-mentioned plate 120 - a plate 124 — the sequence of the plate 123 from a top, a plate 
124, a plate 120, a plate 121, and a plate 122 — and the hole prepared in each plate — the 
laminating was carried out so that a-e might form the path of one each, said electrolyte plate was 
put between the plate 123 (oxidizer pole) and the plate 124 (fuel electrode), and one unit was 
formed on both sides of said hydrogen ion conductive film between the plate 124 and the plate 
120. Under the present circumstances, the field in which the platinum / ruthenium catalyst of a 
hydrogen ion conductivity film were formed was made to adjoin a plate 120, and the field in 
which only platinum was formed was made to adjoin a plate 124, and carried out the laminating. 
Two steps of this unit were piled up, the upper part and the lower part were wired further, and 
the fuel cell system was formed. 

[0084] 

The schematic diagram of the fuel cell system applied to drawing 18 at this example is shown. 
125 in drawing is an electrolyte plate and 126 is a hydrogen ion conductivity film. Moreover, 
the hole formed with each plate — the arrow head showed the feed materials in the path formed 
from a-e, and the flow of ******. 

[0085] 

First, a hole — while supplying hydrogen to the slot of a plate 124 (fuel electrode) through g — 
the slot of a plate 121 (plate in which the combustion catalyst was formed) — Hole f — leading — 
hydrogen and a hole ~ the mixture of a methanol and water was supplied for air to the slot of a 
plate 122 (plate in which the reforming catalyst was formed), through Hole d through e. 
Moreover, the plate 123 (oxidizer pole) — a hole — air was supplied through e. 

[0086] 

In the plate 121 (plate in which the combustion catalyst was formed), combustion began from 
ordinary temperature and heat was generated. This also started the reforming reaction with the 
plate 122. The hydrogen gas produced with the plate 122, a carbon dioxide, a carbon monoxide, 
and unreacted methanol water were sent to the plate 120 through Hole h. Moreover, in the fuel 
cell section which consists of a plate 124, a plate 123, and an electrolyte plate 125, the generation 
of electrical energy was started with the temperature rise. Supply of the hydrogen to the plate 
124 (fuel electrode) by Hole g was suspended in the place where the temperature of actuation 
amounted to 150 degrees C, and the hydrogen currently supplied from the hole f to a plate 121 
(plate in which the reforming catalyst was formed) was changed to the methanol. Even after 
suspending all hydrogen supplies, the generation of electrical energy took place succeedingly. 


[0087] 


The temperature of the above-mentioned fuel system was kept at 150 degrees C by adjusting the 
amount of methanols supplied to 121. The exhaust gas containing a carbon dioxide, unreacted 
hydrogen, etc. which are produced with a plate 120 (plate in which the reforming catalyst was 
formed) was discharged through Hole c outside. The steam which produced the unreacted 
hydrogen produced from on the plate 124 (fuel electrode) with the plate 123 (oxidizer pole) 
discharged through Hole b outside was discharged through Hole a outside. The compact fUel 
cell system which carried out the laminating of a reforming machine and the fiiel cell as 
explained in full detail above was able to be obtained. 

Effect of the Invention 
[0088] 

Without using equipment of the burner used for the conventional reforming machine, a reaction 
vessel, a coil, etc. according to the invention in this application, as explained in full detail above, 
heat required for a reforming reaction can be supplied, and a reforming machine can be 
miniaturized, and a reforming reaction can be made to cause efficiently. Moreover, the fuel cell 
system of the invention in this application can offer a compact generation-of-electrical-energy 
system by having united with the reforming machine. 
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(57) [Sft] 



(2) 


ttffl¥6-l 11838 


m&m i ] mz^rthmk^wkmm txmwm 
^.mmmu^mm^^ v-*-^ nrtfi^ £ t io 

&mt't&$m~/XTj*. 20 

[If 5 ] J: OfltSW *II 1 ISfcOK 

[000 1] 

[SSLL<9*|JJH#»] *«hjjj, »«{|!!^XtA. 25: 

rA, &«§g&tf&1I^XTA{;:M-f&. 30 
[0002] 

[«*co&ffi] is*, 7-7n, ^yay^iitwk-r 

■a. u>>u -atwfi^-jxwftii. «(e±«ffliffiafc: 

CH 4 +2H 2 0^4H 2 +CO2 - 

CH3 OH + H2 0-»3H 2 +CO2 
fc&D. ±12 ( 1 ) , (2) fc^SfiSisfc. ivf 

iif»-x^v«o«^-C8 0 0TCl4Lh. JfciKWffiiB-CE 


[0003] JJeaffiSj&O--'' LT. 

*>$sirr 5 y h t iz mmtz *va > s . »4®ivx 
z t <>z£ vwmrz i> cox\ moat vx&ss&ym 

ttia^x^ A«/hMfc#-c£ iitf , &m>mmM(T)im 

[0 004] St. ±l»4«)4fixXTAfcfc^-C{±. 

JRWffi** t Hfl1tcKttfcStfRMM»K J: oT**#xtc 

"tn*. ±a^D<$F4m^XxA£/|vgHt:U 
^tH-^^^tt^x^At-T^itfttfi, »4fl: 

[ 0 0 0 5 3 HI 9tt^«SS:-&*fc«*<0iS«fflHlt 
<0«l»&H"C*S. iS««**l 0 KOWatfiKSHl 

0 2 //ISit <i>ftT VVS . 1 0 1 w tsas^L 

"CV^RJSIftt^MP 1 0 3SWf 1 0 4T'^)t$^-C 

mi 0 5*»3te«Sii-C^S. K«j!!l!««»4i:L-C(i. 
-fe 7 S »/ ^ xctfij#$ ^ - -y ^-/i^^'fflv ^*it ^ 

yri o 9 J: D^SJiSff l o 7 £t*&§til> . mm 
*1 0 7T(±. a-- f-i o 6W«Wfifl^^3W*-^fe 

f»L-c»fb$*s. ^fcs*ifc«sstigfcmi*«ci o 1 


3 9kcal/mol (25"C) 


(1) 


- 3 1 kcal/nol (2 5 e C) (2) 
^— 1 OG^^^ffl^TJfl^&ff^TV^o 


3 

[0006] at, mam»46W*. %£wz%m.-r 
a* if * Ktt s s . t L#aa «*j £ «v > 

TUft<0Ti4. &ff«ffi^J«fcti*[6]# . 

i o o o 7 ] aft , «£3iw)acmaflitfcttsKiB^*if 
*tafts^<oi^*-r&£s*»»s. at. sttoji&K 

[0008] 

««^'J«&#l:Uft^. &*«&«H«T1i. a 

mfcmi,m5-i~&%xD&i&cr>tMz^ a— kje 
[ooo9] *$ms.. ±.im®z rmt& st»t 45 20 

ixftkerc. J^LftJ^&A-^- , EiHr kjb* 

^fflv ^ftrama^xA^s its awk^-s . 
[0010] 

flfc*wTflz<^o*ia*«j«fl^3!^j« § ftr v % h z. t 30 

[00 11] KTF. HIlSU r a2^fflUT*%W3j® 

*-T § ¥fe ( 0 1 #T54¥tK 1 2sOT« 2 -CStT . ) £ 
h t, 2ftULh«MM-* - 1 1 -5 T . 1 

*j»su aft. s m20)M*irtzMk s mi<7)m2 

[0012] H2 tC*IP^03^K@§§^SI5^MH£* 
-T. @2fc*§;h.S¥ftlM*¥«2U:4H?aiK*$ 40 

*s«6jwgjfc§*i-cv>$. aft. ^HwK^tftw 

2t'»fi!c;§ilft^lfeffi(c(±^MS««5 3WB«S*iTi» 
4. <0Bt«ftHBIE6 *JK(R LfcW 1 2:flSSSH^ 5 Sr 
JBfiR Lft¥*£ 2 I43S WW $ tiT ^ 4 . 
[0 0 13] JJBW.tdiSrffi^iSt^Sfcti^-C. 02 
t^S*i&K««*K6 £ffM tft¥« 1 tf>»«rWtSIB 

£14, «<lWlc^**tffl:^«t*<iOffl^«*» 6*418 50 


®W¥6-1 1 1838 

4 

ft. «««5^figLft¥lS2««£^-ri.ffifc :s F« 
l<0»SrWL s 5r^ffltJ: , 53B*Sn68l£*8E»4KJ4, 

[00 143 ££t^fl^4£fcvvc^*SM*itt 
«KraEtJ:0*tSaa4, ¥«l£^LT¥ffil<9ii 

[00 15] ^tlizl 0. A-^-fci&^jfc^fflul, 
ft * {Oftfett^^atJIflrc* & ft tf> , a- ^- £ ti t 

[0016] aft. Sfla£J5*±i&5-»i:SJBfciHHERJS 

a. aft. m^wttaLimt&zkiz^r)mco^ 

mmt^i^t^. *mmc>itD<xwiz~mcDM 
mBWLLt^mwm-th^mz&vx, %*<vm& 
mit&mm&m mmm, mstm. mmn 

[0017] *38f»ti»sati^rrs¥««»* 

[ooi8] m^i-^mt. ±ie<7)W§f<7)T«£« 

fmLTm&-?iJTmj)mft>ii&. aft. ■fKmunx 
^iffcio-caii^-faifcfc^rffiTft*. aft. x 

B^-t i t <> t** 4 . &mmmsm.mmt lx 

i4. ^a£7)M^£ig;ffl-r4Ci:* s T'l=4. 


5 

[0019] gEfffttiXli.. Pt» Ni, Cu, Zn, A 

i. Pd, Au%z*mbtiz&&kkLTm^&z.b 

ZnO. FeO, Cr, Cn 0 3 . 
BeO, K 2 O, WOs sfrt'tfflV^iil^&S. £ 

Fez Os -Cr! Os-kz O^Cr! Os -A 1 
2 Os ^Fe! Oa -M0O3 ^rfc'cO^Tcl^^W^ 

[0020] *fcs mmmtvxn. pt. au. a 

KfcCu, CuO, Cuh , Ag2 O, Z 
n, Hg, Pd, PdCh , Co, OsO, Fe, F 
eO, M0O3 , Cr, V, V2 O3 , Ti03 , Te 
O, Se, SeO, P2 O5 . PbO. Pb, Sn. S 
nO, Ba, BaO, Ca, % k'fr&lf Z>tl& . ttz. 
V 2 Os -Kz SO4 -WV*7±. -fcyXvJ V (M 
n02 , CuO, C02 O3 , AgO) ^Ag20-A 
1 2 O3 ^Cu 2 O-SeO^Vz O5 -K2 SO4 - 
i^V^y^F e2 Os -Cn Os Kck'^ytMUh 

[0021] ztie><r)tmz. ¥tiUzBflLlKM<r)3m 
[0022] #7UHt:*¥«<0«<?)*ffit:^S-fr 

[0023] 4 Jt^lL**^)S«i. JJBBA 1 

2 o 3 % s i o 2 ioflfet. $ t><z*mkwJj&cmitiZ 
il&SiOz -AI2 Os , tefflfflfa, MgO, TiO 
! , «-Ah O3 , W/*;±, 

[ 0 0 2 4 ] S Bifl£i!l!«!i¥«^-»W^ffi^a-<f 0Xfr 

9 v >7X'±.mmzBi&i-&ii&X' tin. x^- - 7 ? 

[0025] £C0l$Xrt.y * 'J yyty)&Nrk LT#B 
**fcO. 3Voi %J3Lh~3V6l %WT8J£ljn,i£i><7) 

mm%x~x ^fe«^t jt lt st^co & i 


(4) ^¥6-111838 

6 

J: K 

[0027] ¥«<oa^fflfc©J«Lfc^«frKittl 

#0fflmw®?f> * . ei 3 t ^*wai»* 1 2 « 

[0028] ±>&0#n < <0j|«t£ ffi£fig£ * a «t a 

&. 

[0029] 04{M«^offi^2r^-r^Brffiia-C^ 
S. H4 testis «t -5 ftt$ffl«ftl 2ii^7L*T' 
*Offilifl(*!*H»& : F 1 3s^ffl«0#iW* 

urn*? fmm vzffis&tix\M. mw^vm 
Oik lXli±i&Otio< nw&mfommc?>Mmtffo 

j&*oSSft8B» 15,16 t^SSEra^JfoJ: -3 
30 Hl-fS. «$MM«5S^1 3<0*fli**-r4a*fc. iS 

U ^. * fe^-ttiiffl^#: 1 2 co^Mi feti^gSC^ 

«*uw^*j«a*Koa» 1 5 sristt i> ^ t #t # a . (0 

5) 

£KW&mm^^mt¥mmzM?mu'±jmm 

1 ) 

[0030] *fL*A«0SI«tf|fitfDBS:»H. ^jg^-ti- 

v , ^tl* t Mbtitfx mu$%wsmmxmmzB 
far teat -& i k *> ^rflrc* s . * iziMmtf&&"et> 

h . A<02K«0S5ft4 fe« A t B fc 0>ffi£ifc££;iTJEE 
50 ©ftooffifflfcJ: 0 A4«iB<o»K«i«*«f &feffl»«! 


(5 

7 

2 ) mmsmm 

[003 1] WsRA^Effia-^TlMKjSBtWCBEttlR 

*>t. mmzm&i. ^^zmtummm^ii: 

3 ) @gtj£fl?& 

[00 3 2] AfcB<^^£^f|;#^T'^U ftiflr? 10 

m&-xmx\ AtBnmmmz'gtxmMvmm 
« lt »w a t b cos m$fwx-i* tzwmt tt 

a ) zcomcoum 

a, wm*mm&. M»mmm$.m%t'x-At 

[0033] ±&<W<ntmimm&*1rt& J: o 
fc#ftS^#?Ltt£fflv>fciMJ3Stt. »4^ii^^ 20 
i ^TL*<0*B5JI t T ft fc JSttCRJB^^ia U 4 fcflS 

^ift & h \ . mm t & s w^bs: £ ft/R:flj i s 

m&nm i-t>tih« Ltztf^x &m.^%m^±.~t 

&. 30 
[0 0 34] fT)*t3tiai^$ill>*D<^ 

fc¥«lW«£^4Wfc¥«2<7)»£WLfrv>fflfc:«fc 

stftfttt 3 TSEtett^^a &**at*zi&fl#*& 

->«:2»iLi:os5#t*«»&Vs smj-tsRWi, rtas 
^.MEcn-m^tmmmx^ & . 0 7 *p* 2 

0»S£*SE»2 1*JgiiM-Sil*WL-Cfc'5. 
*ffittt. JKffiftUE >*«SftTi^ 
¥«R 2 2 t H&tcStftfSft 2 3 £0filc-f 


&H¥6-1 11838 

8 

*«£fvtfc 0, 2 0 t 3 F«2 2«S5fc«JB 

3iVO*& . ("rar<0 3 F«2 0Wff2 2 £JjlT\ * 
^f«20a, 20b-. T«22a, 22b-fT 
&. ) J FflZ2 0tiiV>TaEfltaBI2 1 35*6^912 4 tfXfr 
fit^ajbT<5sittt Ji_ SEES 

fc»teLT : ¥«fc§BVvo^?L2 5£fflTlf&, Bffirt 
S i F«2 3<0H-tMUcK(t^3t?L2 6i&SiL. § 
^t=T*tSWSiut¥«2 0 1 RBJ&WK2 OaC 
§6ft^fifc?L2 5tfe^T¥«2 OafctjJtSa£#a£K 
A»&fl«fflsi:£8H-4. WT¥«2 5b£invC*>|5]a? 

WfJt!l*lWftT»fc'C*{tiSn« 1 . 

[0035] SE*«0fl9ftt-PV^Ta 3 FS2 2*« 
fctoaBH-tft. SHftatttett. Sfffi<o*&i:a!c ¥ 
& 2 2 OffftfffB 2 3 <0±SK^flaBI&fcjilS LTfttt 
t<l-CV^?L2 7*»tff*>it. K«tfc 3 F«22KaJt 

[0036] zcr>x5^ ^,mr^tmmix^^t 
[0037] ifc, *^K*o*a«ortarv^.*-^H 

^ffl^Vc*!^. TL2 5au7L2 6 s fL2 7S.^7L2 8<7) 
S»tSffiHtJ:->Ta[«ca£»2 1 , 2 3*OFfT*7ttttt 
^5 1 & i fc WC* h . #^SE*gOffi 2 1 2 3 i: £ 
fffiStU A^»««M<7««^^t«]i:. 
fit fcPRffofcSW-J: p s NRtcift»t*?Lat^#'«ri^BI« 
^^•|6j£l^tS i t lz X *) , TflLh^aS^*^ 

[0038] *«Bj!^*D< . ftU£K&fc:J: SSB»R|E 

z&humtLxii. «R^y^fci$«**o^<*A>f 
[ o o 3 9 ] 43t. mn?y?*i'i-mmmt l. «s 

[0040] 08K?B«aEtt^3&»fe4SK**ffl^!t 


9 

ifrh*wn<r>imm 2^mmm^mw/w^-^ 

(0*4 3&t>*4 4 ) 3WBttEtl^feT»«S*lT ^ , 

4 4(±M«»4ffi^fflw^«isii^^@a 

K«f?4 2ii«M^taWiifc* i WB§ 

2o«iS«3Hi, »eii^ffi^4 3 Rtf 4 4 £ «A 
TSWSiXTV^. «J«Ett£&E*4 3. 4 4li«JC 

[0 o 4 l ] 4>t, 5X«»4*^fflffi«4 3(i?ajS*% 
*. J#RiE«6&EB4 3&tf4 4^Mffla^*Wt« 

<g4 3 MM 4 f£i&g&4 2 tMSilS £ fc Jet OS 
«§§ 4 2 OSflEoSHWcttB t EflWMIStefyV «-f 

[0042] jfMM^KWSH 2 OiaKttffivtf; 
*>. M^^im^fflSe^4 4«±. I!£&«S4 2|*] 

4ti&«»4 2<D&J£*<±#U i»WaMBfttttJBE*4 

3*«ga&, jscgS4 2«sa«tj!iffj*«fti&$*i&. a 
^MB^at^«^»«>tt^$^®^4 2 nm. 
#±ml?zz t , ie«4 4 urn tflm^ii^-t 

£. fiLh«J;'5tS«?4 3ao f 4 4«i!Sc«»4 2<Offla 

<. 

[ 0 0 4 3 ] it, JBOSEtl^SfflV^amfla&Kg 

[0044] H9Ufl^1t^*»£&&«m«ttE* 

fflffl{±t-^4 7#KK3ft.» E*4 6£ifl!!rC&SJ: 
-3t^roTV^„ Sf4 6Bt-j'4 7i5fl#L^t>t 
^«SR"C» 0. * fc , t - ? 4 7 & t 

UI&4 2T£t?fc**tiEtf 4 8(Cj 9«fWt»fc{fttt 

aSih.Tos. a^-fe>-^4 9tara«?awK*tt$&* 


(6) flWP6-l 11838 

1 0 

WEtT, E*4 60ja6Bfc*St-*4 7 

*5WC. 0UtffK«»4 2frt>MmmW<0®B.£ 0 Ltt 
* 3 *ufc *£\ jWSffitefltftoKSBE&aU: 
#4fc«>,. JBE*-fe5^--4 9*H^»t, 
«rM>„ *il(3ff^^E« ; 4 6^ta®ll'VcOM^ 

0 , E*4 6 A«B3S - K«^4 2 ti^KBiHSteSiftS . 
10 [004 5] ±E<»jBR«ffi^XTAte*JV^tt, Eft 
t-^ft»fib, b-^4 7«)isaSStda8^«ffi^ 

[ 0 0 4 6 ] £ to* 5 (c©«^Btt-&A&E*fcfflv^ £ 
[0047] -**ffl$ratf>*jfc<^Jl»4. 

[00483 010 t3WK6W^)ia«Si:j»?t«flSx^ 

i-. HI 0lci5V^T3 0{4, W^«I54«, ifcliiK 

So 4fc, 3 1ii«^KK, 3 2<lflSRS, 3 3{JiWb 
30 S . »4ffi 3 2 ayiWkfflS 3 3 l=li**i**i 

Kfla>J^<o»eH 34,35 #isyt&*i 
[0049] KS2I3 0OiSft«a«r^-|.ifiRfc:J±. 

m&m^mm^xmmmcomms 2 

&. 4fc, a«««*#t4Sm*flSPWtP»LTtt 

wigfc*5R^asRttffiBR3 7 *istt-c*5 < tim* 

LxftmfrhQ^zmvxixhfrfoh^tmmwzmQ 
t. mwmmm^mm^m\bLx^\-^hR 

[0050] mmmm.'s.^i. mmmm^m^uz 
50 «^^fcv^•c, fmsuti^ttvtemumttjm 


1 1 

^t&isjga -cms Lfc o , sw»(cji]E*jaKa -cams 
[oo5i] mm&i-*M%w<?)i3tnmmm-f&z 

[00 521 01 ofcfcwcwL smwtenxf v 

mmmMitm u: ixhx^\ 

[ 0 0 5 3 ] t fc. &»ffi£ffM-r&¥lfl£*^*14 

[oo54] ^rnixu. mmi-$>mmm$wmmzm 

(MifflSMNafion Du PontftS), 

^ess* (Witrt Hn^^isv^irvt 

[0055] ^7tni ocfev^t, m%mmm^-th 
mifr^&vmm^fc&mbmmmmmm 

ttsra 3 6 1 u . 36t mmmmm®co*.m 

ttSr*-rs*»-<^y (Toby) fz?i£ffil3 7£§£St 

HS:IS«i:LT«{tll*4t4. ^Bt. JK<50HSffikli 

H®; Ha -2H* +2e 

CO + Hz O -►CO2 +2H* +2e 

Hffi; 2H* +2e -*H 2 
2H + +2e ->H 2 


7) HUH^-l 11838 

1 2 

Mnmzmt. mm ■ mmmizwM^tix^im\m 

10 *^(tgT$>9. WREMWCpSffc*. *3»ekft 

m^+^^x^^^m^^^mx-hi. * 
fc. ay7 ; yt-^2^«ffi{±eS(«^«f l 3SA^*»^ 

20 fcfc*. 

[00573 

5. 

(giswi ) 

[ 0 0 5 8 ] 0 . 1 m y dnVfflzmdtU i?X 

h£M?BU 0. 15mmWT0. 3 m m t* >y f-TIS 
mimm-y^y?L. BO. 18mm^0. 6m 
mt'tf v f- 0 . 3mm iOfflSrffM -y ^SS^W 

30 [0059] ^^iXtz^mz^x^y^Lf^k. 

9-y-yhtL. JEftlO- 3 Torr, «£l%£#fi-Lfc 
T/^d-y#lffl^T l oswax^-y^ts ^^IW^B 

^^Tflws««* ufc^s ( £tT¥« 2 1 -r 

fflfcffiifi^&^^-y-y h b L, Eft 1 O-^Tor 
r\ *^l %«T;^>S?HM-C1 Of^x^°v ^ U 
TM<7)»^*H^T^Jf $ 0 . 5 a< m^Sjtt^ffi^ft^ 

T¥*l i:"t6. ) * 1 0R#«Ufc. ±£*ft-C»4> 
iifzWS.lb¥ffi.2b£. muz^hh^oizmd^ 

[0060] actc. JSLhW X ? iz LTflfeJxfciSSSfc: 

t £ ^ , ${4^4 l*I<7)fflt* J 2 0 0 •Cgftfc.htf-o 

ffi#:BaK3^^y-^i:7l<i:&l : ltiM^-t 

50 fc«sH?&aL<:. -e^^^y-^t^m^L. $ 


1 3 

(HSSW2) 

[0061] MMLWfii:> nmfmmfmmm. 

1)1 0- 3 Torr. 1 %££WL£7/l':3>#Hm-e#> 

[0062] ^tifz^.mmz^\^mmzmm^ 

^UK**2oox;s«fc±-jfc. a*:. a[*8sa»3fc^ 

tea* ?y-^fc u s^tok*t=3fafts*i. 
fc. **y-;i^*a3^sa**lii 5%~-2 5%X'h 

(mtm\3) 

[oo63] *mmmz&uxn. omstzm-?-* 

[0 0 6 4] Jfy'j3>">x-A ( (100)1, 5 
OOwmJJ) &&Bt(!ct&z\btz& t ). «ItS i o 2 

ttx-yf-y^T^i^J: 0. -?i-a<?«»:11 
l«0»<£JBttOi*5 2£JBj£U;. jfc9j$£ 

UcmaWrtS J; o Izm® 5 
3. 5 4£ffMLT£.9. -*fiT»*>^«aa»i:{0« 
«0)sfctf>fc:BI!lfci: U fftfr»±±ai:tf3«fiEW>t«)te±a5 

HI 10#n<fcL£. 

[0065] fris<7)*D<)mgsg^^L^^'j 3 

«5 1 (cx^-y i 0 . SISW^JSKSStB 

J* U: . 4 fc^'MS" U 3J ygS« 5 1 RiaBrffSrcH 1 
2 tC^-T J; a ft^ttOi/ 'J 3 ^SR 5 6 ~~ 6 0 L 
fc . ^ U a yfflK 5 6. 58 WSi^MiMM U . ^ 
ij a >mu 5 7 K«St*«WES:mLfc .012 C0#n< 
BMHKJGfflMR 5 7 StfMMSfflMt 5 6 

fflt&Jf -I t lz£ *) % W£«£R5 6 1 5 7 2: C0« 
*K i "3 . fflR 5 6 «SBSfc#J8 Lfc»li*K 5 7 OS 

[0066] K«Rjsffls^5 7co±.TifimmmmL 


8) «BHT6-1 1 1838 

1 4 

5 6M/5 8t%lffimtt&c\klz£y). j»W.c7> 

iSHSs^-fcjiaii't & - 1 & . ttz . mmmm 

6 2 . 8[fifcO#*£*r;if*ffin 6 4 RtfM5Jfl#*A 
□ 6 l s ffiP6 3*@14«0*0<Jft£Ui. 

[0067] *^^(f*|,StS^8)Tfflll^lli 1 3 fc 

y^& i £ J: 9ftI8U:Hljei&ll6 5.66 

10 WMliEJBflLtJjl ffiIi£#5X^T'K 

[ 0 0 6 8 ] ttz. ffflm?y?frb&K&9W>li 
BKcli. MflniiTflrtJ; *)im Lfcv4 ? 
2, 7 3£f$ffiUi<, ^(Ov^i/n^y^li^yayt 

ny^xvf-y^niJ: 9»offi&£flMU i/^M 
V -y ? XXT ? x tettx -y f- v nz i. g r 4 -V 7 5 A 
)SU*D, ^+7 5 A<7)±SP trxy-7 ^ ^- ^ x- 

[0 06 9] Wcr)VX—*?2* (St^2 0 5 0°C) 
3 3 gSr^Pgl mm^ y^-^v^Te^T? 

-»/*nvm$ji (MiSLl 4 5 5°C) 1 0 gfcBBPS 
0 . 1 mm£0sh7«-&M&a5 OmmT-ttfl^ls 
UTV^2 5 0 0*CfcW»Lfc^>^'f>' (St^3 3 

7 0°C) ffi<©Ji(c%-{c«T$-li:S. ^frco^T*^ 
30 ^ K4C2 5 0 o-cujniU^y^fv (IU%3 3 

7 0°c) n-^&anaiokgj&^^aioogtiSffi 

L*Jtf t feff$2mm<0=-y^HEI«jMtT/l'5= , 7A£E 

®^?r^-ri>„ ®mizLx-v5-)i<i&m®?>frh*)t,z 

(M^ 1 7 7 3°C) Srffl^-C 
A^JflU « (il^l 0 8 3r) CDmmWzfyy'XT 

40 «LISiftfc. 

[0070] zcommm^-^-irjmmmitTiv-i-'y 

[007 1 ] HJl»&»^a^ffl»iMKr;US-'7A* 
a«Sr2«JEE'CJSaftS^ -*«iUS^^o--y^ffl 

50 ?y~)vm%twvv<7)im^*2<mx*diM%*£h. 
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1 5 

* LT U *-v-0-g|S& 1 5 0*CJaJbfc±{fC.* 9 J 

[0072] *§Qt09t*JV^T«. *K5WB«0i»iaSSt: 

[00731014 tfOJ: ^ £fiSHC¥fflifi&L;fcJS3 
0. 2mm,^?100X300mm<?)flU.y^ 10 
^S)^>^tto«&fL9 2. SBR?L9 3, iiS\P94tL 
T@5mm<7)ft4^PHW*: 0 Sfcfc. «H*Xyf-y^ 
Uh"'/f 1mm, 1370mm, (@0. 5mm, 
0 . 1 mm«8 9 , Iffitti&S 9 0 & 9 1 fc 

LtilOmm, S30. lmm^^LJt. ffiUffl, 

?nz^'vtvm<nttt:. zti^^mzwML2 3 

O^T'Tl^UtBUSMtL*:., ±£<0*ffi"CH4> 20 
*ufcKWffl*flil\ 1211 SOiotOBSPrtBB^Xf AS: 

[ 0 0 7 4 ] 4 1 liffl^>-^4 2tt±KBSt«ffl. 4 5 

mmm^^m4 6jct-*4 7^Mrcv^„ *j 

#£tt££iW4 6 J±*ffl-CHJB t "C fi 0 , t - ? 4 7 

£ jDlft-r 6 i t £ i 0 ffl< . JBttia§££E® 4 6 l±Z 
JRfc#*»*lfcE* 8 0 KR#4 . idW8 0c7)-*S:« 30 

atst^o-cv^. ««^«^fflj^Kteii^@d« : 4 

7L9 2e0iafcffiftft»E*8 1#&6. E*8 0*>Jfcfr 

t&fM{£OB wen^@st4 3 imtfi o 

e^&EE 4 3J±, ^T1±ffltTi5 , )fflKa*S< &s 

*4 5 . «*fKft(=J4£E*-fc>-9-4 8 jWR 40 

-N7 iWSWu MH«^rtHKKtt££Etf 4 6 #BJ 
t&. £E^*W-Si;t-^4 7*5A , 9. fgfft&i&E 
JB#ttiEHteaE«4 6 tfPB < . 
[0075] «B3*lfc«X«r«4 2 fcE^IJWKiflHB 

£«£&K«4 3 S-+'WcLSra§*Uti»«S4 2*«2 

oawsfroi 0 . ism&omBMtizx m<§ 1 8& 

WJ^8 2£SS. SM»¥«-*tf>6. 50 
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1 6 

[0076] ti-iVTlVn-lVtfcZWRX'X : 1 
E^LfcjSSSS-fpjaLitlSSfclXOWtfc. S»&SStf>fc: 
L t - 9 4 7 LIK&ttlM&REfteft 

BSidtso-e^w^ 

jB»«iEtt£Ai*4 4 *ao . ^ft*^iei?8 1 

[0077] ^oati Y)wm^Mmw&ixm. 

1 4 (res-Mi**: . ««««^ffl^ttiae^ffi« 
*m«ffc*:*4 5fcjs^<is6i®fii«ift-5}t. awtssfut* 

iSfcb-^47 4*6Jfi.T«SHtt»««afg^E«4 
6*Wt»40fS*&^i?ih3tl^, ffi^l. 8 kg/ 
cm' JSTfcfcSfc* fft^b-^4 7**MfeSWSH« 

^fflreait^iijfi 5Wi^fe?^, as 

A ! 12 0'CH 1 4 0"CC. ttKS*lfc*ai£E*li2. 
lkg/cm' j&»/!>1. 8kg/cm2 fcftfcftiSRW 

fWEftx* v ^ t lr«B L«d»RWfi>'X'r Alcove 
[ 0 0 7 8 ] m 1 6 t#»fc0JtfOgP*©fevXf ACJ3 

■f . 1 6 fc^Sflipq^^lR 12 0, 12 

1, 122fre>m&ZtlXm.mi6li s ?1E&±&j: 
0 JlfcHTJbS . 1 2 0 . 1 2 1. 122 

K120, 1 2 1, 1 2 2li&«T>l'$.-'7 
l»2rara l BS1 OOmmT'ftS. ¥WL1 2 0St>'l 
2 2cO}»c7)^cSWi, SceW^ffMSixTfcO. *fc 

[0079] 41*T«l20aVl22{iEl6twS 

LTiS«jtt«S:fB«fS-|«i:. ifc, «1 2 lliiJPF 
m 1 2 0 RV 1 2 2 f: PHSd LT ^?L«^T;W 5 -tilSr 

mmz-kmix&nk ■ m^ixmmm^mm^trc 
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1 7 
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[0080]fI12 3 ttBHfcJWffi, 1 2 4 
*T*»S. T«l 23. 124Mt¥«l 20~1 2 2fc 
RIM X, lal^ffT'ft "3 . HI 1 7C0ia< zm&ZHL a- 

[008 1] — J¥§0. 2mraWi-7;^n*- 
t*yx^7 * (ffifhi, ; N a f i o n ) COMWG. 

(PTFE : ffi§h& ; r7Dy) tNaf io n?g?gt 

[ 0 0 8 2 ] 4 fc . flffl«fi«WmRt Lt . Jf $ 

0. 2mm«A- 7;^n^— #>X;l^7^yKM (i§ 
M;Naf ion) ^®tfiAM«ffi^*-^>U) 
*t4fJfb77/WaxfUy (PTFE : i§ n a q * ; 
f7Dy)tNaf i o njgfgi: £&ig!LJti> 

US. 

[0083] JfclETflii 1 2 0-¥*£ 1 2 4 £±*»6¥« 
12 3. ¥K12 4. ¥«U 2 0, ¥«12K ¥«1 

fflffi) fc¥«12 4 (ttftffi) k<7)ffllzWiWMWMZ 
¥15 1 2 4 b^m 1 2 0tf>BHcfiliE*JM * 

y»esfiJR*R* 1 0£7)JL- -y h £JBtf Lfc. ton. 

fcffltt. TIKI 2 OfcHHSS*, e££>»#JBft3iifc 
180^^2 4 fcRSS-ttTIWiU;. <row.-yl*£ 

[oo84] sis iz^mmizi&mnmm^x^ 
<o««&0£**. a+ 1 2 s immm&, 1 2 6 12*^ 

[0085] t-r. Hszmtx^m 2 a m?m) 

fl»fc*JR£flBM-*fc*fc» TIKI 2 1 (fiMIK 

T2S\£, ¥«U 2 2 (i»«r««lES»JfiL/3t¥«) ^* 
(~fL d t: M t-X * 9 J -)Vh.*ff)W&m*mi Lfc . 4 
fcTRl 2 3 (UMtSUS) tCfcTLe*atT2S5*«l& 

[0086] ¥M 121 LfcTK ) "C 

812 2-CSC©KiSt»IBteUfc. ¥«1 2 2-C4tfc* 


*U;?lh tilt-CTfi 1 2 OAjSfefifc. 1 2 

4 , 1 2 3m/mm^m 1 2 sa^&srasM 

O^C^BL^fcC^T-fLs^i&^l 24 (flfflfi) 
'\*)**<o«»**iLU f«121 (ftHMiSSr^fiS; 

[0087] ±ie»4^xf-A<5osjg(i 1 2 1 tft^-r 

fc. ¥«12 0 (jJcejBBSEiJBiSLfcTR) KT£t* 

&£*Kit5<D*3Stt?L b £S t T flWvffffl S*ut¥« 
123 dHMffi) fcvC£tfc#SSlUL ?LaSrJlt-C 

[0088] 

20 [niBoMa*] i^mmLtziiaK *m%m££iM£. & 
*(v®.mmzm\^tix^w-i; sum. Rm^m 
<mmm^hzt^<. Rmmztimcmmx 

[H 2 ] *iI^BJ«KK^c0gl!*»fflll. 

30 [123] M$£ffi#L£S7Hlfffl2. 

[H4] *KI»»^i3cBtiS}«)fltJ«H. 

[H5] SMfflJ^^KfflH. 

[06] «a^cr,|STffl|l„ 

[127 ] *lt^Sfc««<0HB^*i<t«SH. 
[08] »ttie«^6»(9«:*i»8rfflVifci»«t^ 

[09] mi^-&M*h%imvi:m*fcmv& 

[010] *nHW^iSCff8 k TOlifi^ ^ -y ? 

40 sL^dBfiSfi^-fA^wea. 
[0ii] yy3y7i-Aco«. 

[012] *tfe«3 (c«SK«HcOgP7mm0o 

[013] mm 3 f=fls « ^w^toffirffiH . 
[014] mm 5 t«4T««««H. 

[015] Hififfl 5 t«S)»H}|yXfA««» 


[016] mm 6 izmmmm^iy^^zm^ 

[017] HSSM7 Cll.ifllil!!yXfA<o»H 
50 fflgP5r^-rS¥^<7)Tt5l2. 
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[ n 1 8 1 mm 7 £ft & mmm^^ j*<m* 
a. 

[019] «e*<98MS*> W&0. 

[ft^«jj] 

1. 2. 2 0, 2 2— 5 PK 3, 4, 15, 16. 2 
1.2 3. 3 6-»flsSlB 

5 -mam 6-$mmt n-mm? 12- 

7-iHSIflt 2 4-SiE*08SnS*-|6l^^r^W 2 
5, 2 6, 27, 2 8-TL 3 0, 4 2-8t«B 3 
1, 2 5-1Bim« 

3 2-«HS 3 3-HHfcffl* 34, 3 5 

3 7 -**^a^ffisa)B. **4 *>^KSfls 4 
i -mm 4 3-«««wfl8ftffl<o»«ieii^ 

Ifif 4 4 ■ • •»M^»4flt^ffltfOM>ctB1i^@B i t 

4 5-JKfSfWfi 

4 6"-JBttiBttte£a»kfc6K« 47-b-? 4 
8, 80-lffff 49-JE^-fey-f 5 1-y'j3VS 


2 0 

£ 5 2, 5 5-$ 5 3, 5 
56, 5 8---tt$ttffiffi£& 

59, 6 0-^'J3yiS 6 

2-flm^r^AP 

6 3-jD»5fXfcBP 6 4- 
65, 6 6-H5S&R 67, 
9, 7 0-iSHW#EBa 

7 1-^ls 7 2, 7 3-V-f 

10 82, 10 2-K^W 8 9- 

9 i -msm 

9 2-W&TL 9 3-Sfm 
ftftlf** 10 3--WB 1 
fMM 10 6-K-t- 1 

io8-®m?y? 10 9- 

120, 121, 122, 12 
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6 8-fiEffcIAP 6 
?n/N>:/ 8 1-^; 

-wt 9o-i«i 
9 4-mm ioi- 

0 4-flf 10 5-eSC 
0 7 

rK^r 1 1 o-RtG* 

3, 12 4-T1S 12 
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